The electrochemical corrosion behavior and the semiconducting properties of the passive film formed on a coil spring steel were investigated in a buffer solution at pH 9. The anodic dissolution was mitigated, and the passive film grew faster for the spring steel with compressive residual stress than the one without stress. The passive films had an n-type semiconducting property with a high density of oxygen vacancy, and the defect density was lower for the specimens with compressive stress. The passive current density of the specimens with stress was higher and showed fluctuation. These characteristics imply that the growth mechanism of passive film and the transport of vacancies in the film on metals and alloys depend on the residual stress on the metallic surface.
Introduction
Coil springs for automobile suspension usually suffer corrosion fatigue [1] [2] [3] [4] [5] [6] [7] or fatigue [8] [9] [10] [11] [12] [13] [14] [15] . Shot peening, proper design of alloy composition, and heat treatment are known to improve the resistance to fatigue [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Commercial coil springs are usually shot-peened. Shot peening provides compressive residual stress on the surface, and hence suppresses the crack growth under tensile stress during operation [1, 2, 4, 6, 7, 11] . The effects of residual stress on the mechanical properties, which include fatigue and corrosion fatigue, have been extensively studied by many researchers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . However, little is known about the corrosion behavior of surfaces with residual stress.
Corrosion resistance of metallic materials is largely determined by its passivity. Passivity refers to the phenomenon whereby a metal or alloy shows a very low corrosion rate in spite of its thermodynamically high activity in a corrosion environment. This originates in the passive film, which is an oxide film formed naturally on the surface with a thickness of several nanometers. The passive film protects the metal from severe corrosion and can decelerate the corrosion rate drastically. The Point Defect Model [17] of passivity suggests that the growth and breakdown of passive films are controlled by the generation, annihilation, and transport of point defects such as vacancies and interstitials. The type and concentration of point defects are obtained from the semiconducting properties of the passive film, according to many corrosion researchers who have investigated them by using the Mott-Schottky analysis .
In this study, the authors aim to examine the effect of compressive residual stress on the corrosion and passivity of spring steels. Electrochemical polarization tests were used to evaluate the corrosion Table 1 . Chemical composition of SUP-10 steel. The microstructure of specimens was observed using a field emission scanning electron microscope (FE-SEM) (Jeol, Tokyo, Japan) after etching with a 3% nital solution.
Element
The residual stress of the specimens was measured by instrumented indentation testing (IIT) (Frontics, Seoul, Korea). IIT requires a reference sample without stress in order to measure the residual stress quantitatively, and the authors presumed that the residual stress of an M specimen was 0. The stress was measured 10 times for each S specimen and the results were then averaged.
The hardness was measured using a Vickers hardness tester (Future-Tech, Kanagawa, Japan) the test was repeated five times.
Potentiodynamic polarization, potentiostatic polarization, and Mott-Schottky analysis were performed sequentially for each specimen, using a potentiostat/galvanostat (Ivium Technologies, AJ Eindhoven, The Netherlands). The surface of the specimens was sealed with a silicone sealant, leaving an exposed area of 0.04-0.1 cm 2 . A three-electrode electrochemical cell was made up of a working electrode (i.e., the specimen), a counter electrode made of Pt wire, and a saturated calomel electrode (SCE) reference electrode.
A buffer solution at pH 9 was used as the electrolyte in order to establish a stable passivity as suggested by the E-pH diagram of iron ( Figure 1 ) [49] . The solution was made of H 3 BO 3 + C 6 H 9 O 7 ·H 2 O + Na 3 PO 4 ·12H 2 O at ambient temperature. The solution was purged with 99.999% N 2 gas during tests. The working electrode was cathodically cleaned at −1 V SCE for 30 min. The open circuit potential was monitored for 30 min. The potential was scanned from −0.3 V with respect to the open circuit potential to 0.5 V SCE at a rate of 1 mV/s. Subsequently, the specimen was passivated by a potentiostatic polarization at 0.5 V SCE for 24 h. Finally, the capacitance was measured at potentials from 0.5 V SCE to −0.7 V SCE with the potential sweep rate of −10 mV/s for the Mott-Schottky analysis. The frequency of AC was 1 kHz [50] and the amplitude was 0.01 V. Figure 2 shows the SEM images of the specimens. Lath martensite, which is usually found in spring steels with a carbon content of less than 0.6 wt% [51] , is observed for both S and M group samples. Some distortion of grains due to the pressure involved by shot peening is seen from the surface to a depth of about 10-20 μm. Cracks were found in the corrosion product layer between the alloy and the coating. During the proving ground test, the paint coating was degraded and water penetrated into the coating-metal interface. Corrosion products formed on the metal below the coating and caused the detachment of the coating layer. Wet-dry cycles, temperature variation, and impingement of sand or fine gravel led to the cracking of the coating and corrosion products. The residual stress of S group specimens was measured by IIT and is shown in Figure 3 . The compressive stress of the two specimens, S1 and S2, are 155 and 116 MPa on average, respectively. Figure 4 shows the hardness of the S and M specimens. The hardness of the S1 and S2 samples was Hv 617 and Hv 682, respectively. The hardness of the M specimens was approximately Hv 590. The hardness of the alloy surface was increased due to the increase of the dislocation density by compressive stress during shot peening [52] . The deviation between the data for the M specimens was much lower than that for the S specimens. The variations in the residual stress and hardness were large between the S specimens and also between the repetitive measurements for a given S specimen. The different depth of grinding between the S1 and S2 specimens caused a different compressive stress and hardness because the compressive stress had a gradual increase and decrease Figure 2 shows the SEM images of the specimens. Lath martensite, which is usually found in spring steels with a carbon content of less than 0.6 wt% [51] , is observed for both S and M group samples. Some distortion of grains due to the pressure involved by shot peening is seen from the surface to a depth of about 10-20 µm. Cracks were found in the corrosion product layer between the alloy and the coating. During the proving ground test, the paint coating was degraded and water penetrated into the coating-metal interface. Corrosion products formed on the metal below the coating and caused the detachment of the coating layer. Wet-dry cycles, temperature variation, and impingement of sand or fine gravel led to the cracking of the coating and corrosion products. Figure 2 shows the SEM images of the specimens. Lath martensite, which is usually found in spring steels with a carbon content of less than 0.6 wt% [51] , is observed for both S and M group samples. Some distortion of grains due to the pressure involved by shot peening is seen from the surface to a depth of about 10-20 μm. Cracks were found in the corrosion product layer between the alloy and the coating. During the proving ground test, the paint coating was degraded and water penetrated into the coating-metal interface. Corrosion products formed on the metal below the coating and caused the detachment of the coating layer. Wet-dry cycles, temperature variation, and impingement of sand or fine gravel led to the cracking of the coating and corrosion products. The residual stress of S group specimens was measured by IIT and is shown in Figure 3 . The compressive stress of the two specimens, S1 and S2, are 155 and 116 MPa on average, respectively. Figure 4 shows the hardness of the S and M specimens. The hardness of the S1 and S2 samples was Hv 617 and Hv 682, respectively. The hardness of the M specimens was approximately Hv 590. The hardness of the alloy surface was increased due to the increase of the dislocation density by compressive stress during shot peening [52] . The deviation between the data for the M specimens was much lower than that for the S specimens. The variations in the residual stress and hardness were large between the S specimens and also between the repetitive measurements for a given S specimen. The different depth of grinding between the S1 and S2 specimens caused a different compressive stress and hardness because the compressive stress had a gradual increase and decrease The residual stress of S group specimens was measured by IIT and is shown in Figure 3 . The compressive stress of the two specimens, S1 and S2, are 155 and 116 MPa on average, respectively. Figure 4 shows the hardness of the S and M specimens. The hardness of the S1 and S2 samples was Hv 617 and Hv 682, respectively. The hardness of the M specimens was approximately Hv 590. The hardness of the alloy surface was increased due to the increase of the dislocation density by compressive stress during shot peening [52] . The deviation between the data for the M specimens was much lower than that for the S specimens. The variations in the residual stress and hardness were large between the S specimens and also between the repetitive measurements for a given S specimen. The different depth of grinding between the S1 and S2 specimens caused a different compressive stress and hardness because the compressive stress had a gradual increase and decrease profile with depth.
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The deviation of data for a specimen was presumed to be due to the shot peening, which created locally irregular stress on the surface from the random overlapping of impingements.
profile with depth. The deviation of data for a specimen was presumed to be due to the shot peening, which created locally irregular stress on the surface from the random overlapping of impingements. The potentiodynamic curves of the spring steels are shown in Figure 5 . The corrosion potential of the specimens was about −0.75 VSCE and the critical anodic current density was measured to be 1.7 × 10 −5 -6.6 × 10 −5 A/cm 2 at approximately −0.63 VSCE. The current density began to decrease at −0.63 VSCE and the passive current density was between 5 × 10 −6 -1.4 × 10 −5 A/cm 2 at potentials below 0.5 VSCE.
The corrosion potential (Ecorr), the corrosion rate (icorr), and the passive current density (ipass) at 0.5 VSCE are plotted in Figure 6 . The corrosion potential and the passive current density at 0.5 VSCE of the S group were a little higher than those of the M group. The corrosion rate did not appear to show a dependence on the specimens. The critical anodic current density was measured to be 1.6 × 10 −5 -2.6 × 10 −5 A/cm 2 for the S group and 4.6 × 10 −5 -6.4 × 10 −5 A/cm 2 for the M group at −0.65-−0.60 VSCE, indicating that the maximum dissolution rate of the S group was lower than that of the M group. It is remarkable that the S specimens, which have residual stress, dissolved less before passivation but that the passive current density of the S specimens was higher than the M specimens without residual stress. profile with depth. The deviation of data for a specimen was presumed to be due to the shot peening, which created locally irregular stress on the surface from the random overlapping of impingements. The potentiodynamic curves of the spring steels are shown in Figure 5 . The corrosion potential of the specimens was about −0.75 VSCE and the critical anodic current density was measured to be 1.7 × 10 −5 -6.6 × 10 −5 A/cm 2 at approximately −0.63 VSCE. The current density began to decrease at −0.63 VSCE and the passive current density was between 5 × 10 −6 -1.4 × 10 −5 A/cm 2 at potentials below 0.5 VSCE.
The corrosion potential (Ecorr), the corrosion rate (icorr), and the passive current density (ipass) at 0.5 VSCE are plotted in Figure 6 . The corrosion potential and the passive current density at 0.5 VSCE of the S group were a little higher than those of the M group. The corrosion rate did not appear to show a dependence on the specimens. The critical anodic current density was measured to be 1.6 × 10 −5 -2.6 × 10 −5 A/cm 2 for the S group and 4.6 × 10 −5 -6.4 × 10 −5 A/cm 2 for the M group at −0.65-−0.60 VSCE, indicating that the maximum dissolution rate of the S group was lower than that of the M group. It is remarkable that the S specimens, which have residual stress, dissolved less before passivation but that the passive current density of the S specimens was higher than the M specimens without residual stress. The potentiodynamic curves of the spring steels are shown in Figure 5 . The corrosion potential of the specimens was about −0.75 V SCE and the critical anodic current density was measured to be 1.7 × 10 −5 -6.6 × 10 −5 A/cm 2 at approximately −0.63 V SCE . The current density began to decrease at −0.63 V SCE and the passive current density was between 5 × 10 −6 -1.4 × 10 −5 A/cm 2 at potentials below 0.5 V SCE . The corrosion potential (E corr ), the corrosion rate (i corr ), and the passive current density (i pass ) at 0.5 V SCE are plotted in Figure 6 . The corrosion potential and the passive current density at 0.5 V SCE of the S group were a little higher than those of the M group. The corrosion rate did not appear to show a dependence on the specimens. The critical anodic current density was measured to be 1.6 × 10 −5 -2.6 × 10 −5 A/cm 2 for the S group and 4.6 × 10 −5 -6.4 × 10 −5 A/cm 2 for the M group at −0.65-−0.60 V SCE , indicating that the maximum dissolution rate of the S group was lower than that of the M group. It is remarkable that the S specimens, which have residual stress, dissolved less before passivation but that the passive current density of the S specimens was higher than the M specimens without residual stress. The potentiostatic polarization curves presented in Figure 7 also show a different passivation behavior for the S and M specimens. The passive current density of S1 and S2 decreased very rapidly and reached a minimum after about 1.5 h. Their current density showed slight increases and decreases during potentiostatic polarization. On the other hand, the current density of the M specimens decreased slowly during 16-17 h, and then showed a little increase. The passive current density of the M specimens became lower than that of the S specimens after 5-11 h.
The passive current density reached 8.4 × 10 −7 -8.5 × 10 −7 A/cm 2 for the S specimens and 5.3 × 10 −7 -6.9 × 10 −7 A/cm 2 for the M specimens after 24 h of passivation (Figure 8 ). The S specimens had a higher current density than that of the M specimens, although the ranking of the passive current density of each specimen shown in the potentiostatic polarization (Figure 8 ) was different from that shown by the ipass at 0.5 VSCE from the potentiodynamic polarization ( Figure 6) .
The difference in the potentiodynamic and potentiostatic polarization behaviors means that the electrochemical dissolution and passivation mechanisms of spring steels can be different under the influence of residual stress. It seems that the steel surface with compressive stress is less sensitive to an anodic dissolution and is rapidly passivated, but that its passive film is less stable than the surface without stress. The potentiostatic polarization curves presented in Figure 7 also show a different passivation behavior for the S and M specimens. The passive current density of S1 and S2 decreased very rapidly and reached a minimum after about 1.5 h. Their current density showed slight increases and decreases during potentiostatic polarization. On the other hand, the current density of the M specimens decreased slowly during 16-17 h, and then showed a little increase. The passive current density of the M specimens became lower than that of the S specimens after 5-11 h. 2.0x10 -6 8.0x10 -6 9.0x10 The passive current density reached 8.4 × 10 −7 -8.5 × 10 −7 A/cm 2 for the S specimens and 5.3 × 10 −7 -6.9 × 10 −7 A/cm 2 for the M specimens after 24 h of passivation (Figure 8 ). The S specimens had a higher current density than that of the M specimens, although the ranking of the passive current The type and concentration of point defects in the passive film were examined using a MottSchottky analysis. The authors of this study point out that the Mott-Schottky analysis has limitations as applied to passive films, because a passive film is not a well-defined semiconductor. Therefore, several assumptions are employed commonly and the results of the analysis are interpreted with care [53] [54] [55] . In particular, the quantitative property derived from the Mott-Schottky analysis (i.e., the donor density in this study) cannot be directly compared with that of other alloys. Nevertheless, the relative value of the donor density within the boundary of this study can be discussed.
The Mott-Schottky plots ( Figure 9 ) of all specimens showed similar behavior, indicating a linear region with a positive slope between −0.3-0.3 VSCE. This means that these specimens had passive films with an n-type semiconductivity. The donor density, which implies the concentration of oxygen vacancy in the passive film [17] , was determined by the Mott-Schottky relationship, as shown in Equation (1):
where C is the capacitance of the space charge layer, ε is the dielectric constant of the passive film, ε0 is the permittivity of the vacuum, e is the charge of an electron, ND is the donor density, Eapp is the applied potential, EFB is the flat band potential, k is the Boltzmann constant, and T is the temperature. ε0 of the passive films on the specimens in this study was presumed to be 15.6, as accepted usually for the passive film of steels [20, [46] [47] [48] . The difference in the potentiodynamic and potentiostatic polarization behaviors means that the electrochemical dissolution and passivation mechanisms of spring steels can be different under the influence of residual stress. It seems that the steel surface with compressive stress is less sensitive to an anodic dissolution and is rapidly passivated, but that its passive film is less stable than the surface without stress.
The type and concentration of point defects in the passive film were examined using a Mott-Schottky analysis. The authors of this study point out that the Mott-Schottky analysis has limitations as applied to passive films, because a passive film is not a well-defined semiconductor. Therefore, several assumptions are employed commonly and the results of the analysis are interpreted with care [53] [54] [55] . In particular, the quantitative property derived from the Mott-Schottky analysis (i.e., the donor density in this study) cannot be directly compared with that of other alloys. Nevertheless, the relative value of the donor density within the boundary of this study can be discussed.
The Mott-Schottky plots ( Figure 9 ) of all specimens showed similar behavior, indicating a linear region with a positive slope between −0.3-0.3 V SCE . This means that these specimens had passive films with an n-type semiconductivity. The donor density, which implies the concentration of oxygen vacancy in the passive film [17] , was determined by the Mott-Schottky relationship, as shown in Equation (1):
where C is the capacitance of the space charge layer, ε is the dielectric constant of the passive film, ε 0 is the permittivity of the vacuum, e is the charge of an electron, N D is the donor density, E app is the applied potential, E FB is the flat band potential, k is the Boltzmann constant, and T is the temperature.
ε 0 of the passive films on the specimens in this study was presumed to be 15.6, as accepted usually for the passive film of steels [20, [46] [47] [48] .
The donor density and the flat band potential of the passive films formed on the S and M specimens are shown in Figure 10 . The donor density of the S1 and S2 specimens was measured to be 2.01 × 10 19 cm −3 and 1.37 × 10 19 cm −3 , respectively, whereas that of the M specimens was 3.03 × 10 19 -4.03 × 10 19 cm −3 . The density of point defect, which is thought commonly to be oxygen vacancy for the n-type passive film [50] , was found to be higher in the passive film of the steels without residual stress than in the film on the specimens with stress. The flat band potential of passive films on the M specimens was −0.427-−0.434 V SCE and a little higher than that (−0.448-0.463 V SCE ) of the film on the S specimens. The donor density and the flat band potential of the passive films formed on the S and M specimens are shown in Figure 10 . The donor density of the S1 and S2 specimens was measured to be 2.01 × 10 19 cm −3 and 1.37 × 10 19 cm −3 , respectively, whereas that of the M specimens was 3.03 × 10 19 -4.03 × 10 19 cm −3 . The density of point defect, which is thought commonly to be oxygen vacancy for the n-type passive film [50] , was found to be higher in the passive film of the steels without residual stress than in the film on the specimens with stress. The flat band potential of passive films on the M specimens was −0.427-−0.434 VSCE and a little higher than that (−0.448-0.463 VSCE) of the film on the S specimens. Figure 11 shows the ipass at 24 h vs. the ND plot, based on the data presented in Figures 8 and 10 . The passive current density decreased with an increase in the defect density in the passive film generally, although such dependence was not explicit for S2. The authors could anticipate easily that a low density of point defects leads to a slow mass transport and hence a low passive current density. However, the results of this study presented the opposite, in that the passive current density for the M specimens was lower than that for the S specimens although the donor density of the M specimens was higher. The donor density and the flat band potential of the passive films formed on the S and M specimens are shown in Figure 10 . The donor density of the S1 and S2 specimens was measured to be 2.01 × 10 19 cm −3 and 1.37 × 10 19 cm −3 , respectively, whereas that of the M specimens was 3.03 × 10 19 -4.03 × 10 19 cm −3 . The density of point defect, which is thought commonly to be oxygen vacancy for the n-type passive film [50] , was found to be higher in the passive film of the steels without residual stress than in the film on the specimens with stress. The flat band potential of passive films on the M specimens was −0.427-−0.434 VSCE and a little higher than that (−0.448-0.463 VSCE) of the film on the S specimens. Figure 11 shows the ipass at 24 h vs. the ND plot, based on the data presented in Figures 8 and 10 . The passive current density decreased with an increase in the defect density in the passive film generally, although such dependence was not explicit for S2. The authors could anticipate easily that a low density of point defects leads to a slow mass transport and hence a low passive current density. However, the results of this study presented the opposite, in that the passive current density for the M specimens was lower than that for the S specimens although the donor density of the M specimens was higher. Figure 11 shows the i pass at 24 h vs. the N D plot, based on the data presented in Figures 8  and 10 . The passive current density decreased with an increase in the defect density in the passive film generally, although such dependence was not explicit for S2. The authors could anticipate easily that a low density of point defects leads to a slow mass transport and hence a low passive current density. However, the results of this study presented the opposite, in that the passive current density for the M specimens was lower than that for the S specimens although the donor density of the M specimens was higher. Figure 11 . Relationship between donor density and steady state passive current density.
Previous reports about the relationship between the corrosion resistance and the point defect density fall into three categories. One group has suggested that the low density of point defect causes high corrosion resistance. Extensive experimental results apparently agree with this opinion [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] .
Other researchers have reported a high corrosion rate or a low corrosion resistance for the metals or alloys with passive films with low point defect density [38] [39] [40] [41] [42] , corresponding to the results drawn from this work. Another group has proposed no clear dependence of corrosion resistance on the point Figure 11 . Relationship between donor density and steady state passive current density.
Previous reports about the relationship between the corrosion resistance and the point defect density fall into three categories. One group has suggested that the low density of point defect causes high corrosion resistance. Extensive experimental results apparently agree with this opinion [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . Other researchers have reported a high corrosion rate or a low corrosion resistance for the metals or alloys with passive films with low point defect density [38] [39] [40] [41] [42] , corresponding to the results drawn from this work. Another group has proposed no clear dependence of corrosion resistance on the point defect density [43] [44] [45] . These studies dealt with passivity or corrosion behaviors of various metals and alloys in various aqueous environments. However, the authors of this study could not find any relationship between the three different suggestions and the experimental conditions or semiconducting types from the previous works. Therefore, the origin of such discordance is not yet known. Many of the reports included a proposition that the concentration of point defect would affect the stability of the passive film and hence the corrosion resistance but did not provide a mechanism supported theoretically [18, 19, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] .
Only a few researchers, represented by Ahn et al. [44] and Park et al. [20] , presented the theoretical mechanism of degradation of corrosion resistance with an increase of point defect density validated by the experimental phenomena, based on the Point Defect Model. Ahn et al. [44] and Park et al. [20] commonly conducted studies on the passive film of Ni, which is a p-type semiconductor. It was suggested that a high concentration of cation vacancy in the passive film created voids at the metal-film interface and promoted a breakdown of the passive film. Nevertheless, Ahn et al. also showed that the passive current density of Fe, which is an n-type semiconductor, did not depend on the point defect density, that is, the concentration of oxygen vacancy [44] . Their work implies that the relationship between the defect density and the corrosion resistance should be discussed while considering the type of the defect, although adequate evidence is not yet established. Figure 12 shows the i pass at 24 h, the N D , and the hardness vs. the residual stress plots. The hardness of the S specimens was higher than that of the M specimens, but not increased with an increase in the residual stress. The passive current density was generally higher for the specimens with stress but did not appear to depend on the residual stress in the S group. The donor density was lower for the S specimens, but it had rather increased with an increase in the compressive stress in the S group. It is not clear whether the compressive residual stress involves any relationship which can be described as a linear or a high-order function from this work. However, it was noted that the bulk specimen without residual stress (i.e., the M group) and the sub-surface specimen with residual stress (i.e., the S group) had a different corrosion and passivity behavior. polarization behavior shown in Figure 7 in this study, in that the current density of the S specimens underwent a fast decrease followed by a slight increase. The donor density is known to increase and decrease during the passivation process [60] . Jang et al. [60] reported that the donor density in the passive film of Fe-20Cr-15Ni alloy rapidly increased for the initial 2 h and then decreased slowly. In the same work, the flat band potential was gradually lowered with passivation time. The passive film was thought to grow at a high rate during the initial stage with the generation of many point defects and to reach a steady state when the generation and annihilation of point defects were balanced. The passive film of the S specimens in this work grew faster ( Figure 7 ) and had a lower donor density and flat band potential after the same passivation time as that of the film for the M specimens ( Figure 10 ). It might be due possibly to the high diffusion rates of ions through many grain boundaries in the shot-peened surface as Lvet al. [19] have suggested. After that stage, the transport of vacancies would slow down and reach a steady state, but the high density of dislocations and grain boundaries involved with the residual stress might cause a higher transport rate in the passive film than expected in the passive film formed on normal grains without stress.
6.0x10 -7 9.0x10 -7 1.2x10 -6 Hardness (Hv) Compressive residual stress (MPa) Figure 12 . Effects of compressive residual stress on steady state passive current density, donor density, and hardness.
Conclusions
The effect of shot peening on the corrosion behavior of spring steels was investigated by electrochemical polarization tests and Mott-Schottky analysis.
The compressive stress of 116-155 MPa was induced and the hardness was increased by shot peening. The specimens with compressive residual stress were passivated faster and their density of point defect was lower than the specimens without residual stress. However, the passive current Several reports suggest that the corrosion resistance is improved with compressive residual stress [56] [57] [58] [59] . On the contrary, other studies present that shot peening lowers the corrosion resistance. Irregularity and micro-cracks due to immoderate shot peening sometimes accelerate corrosion [52] . There was a case where the corrosion rate of an SAE 5155 steel after shot peening was higher than the specimen without peening in a relatively short test, although the results were inversed after a prolonged test [56] . It might be a similar phenomenon with the potentiostatic polarization behavior shown in Figure 7 in this study, in that the current density of the S specimens underwent a fast decrease followed by a slight increase.
The donor density is known to increase and decrease during the passivation process [60] . Jang et al. [60] reported that the donor density in the passive film of Fe-20Cr-15Ni alloy rapidly increased for the initial 2 h and then decreased slowly. In the same work, the flat band potential was gradually lowered with passivation time. The passive film was thought to grow at a high rate during the initial stage with the generation of many point defects and to reach a steady state when the generation and annihilation of point defects were balanced. The passive film of the S specimens in this work grew faster ( Figure 7 ) and had a lower donor density and flat band potential after the same passivation time as that of the film for the M specimens ( Figure 10 ). It might be due possibly to the high diffusion rates of ions through many grain boundaries in the shot-peened surface as Lvet al. [19] have suggested. After that stage, the transport of vacancies would slow down and reach a steady state, but the high density of dislocations and grain boundaries involved with the residual stress might cause a higher transport rate in the passive film than expected in the passive film formed on normal grains without stress.
The compressive stress of 116-155 MPa was induced and the hardness was increased by shot peening. The specimens with compressive residual stress were passivated faster and their density of point defect was lower than the specimens without residual stress. However, the passive current density after 24 h was higher for the specimens with stress than that for the samples without stress, possibly due to the higher diffusion rate involved with the fine and defected grain structure caused by compressive stress.
